To investigate the smile esthetics variables in three malocclusion classifications of angle to find out if the final smile esthetics was correlated with the initial types of malocclusion. Materials and Methods: This cross-sectional study was performed on 90 adult patients (18-28 years old) with three classes of malocclusion (n = 30 for each class), who were just treated by an orthodontist based on standard edgewise (0.018 inch). A standardized smile mesh analysis was used to evaluate seven smile characteristics. Results: Orthodontic treatment improved all the smile characteristics in the three groups. All groups showed an increase in smile width, smile index, and vertical indices; while, the transverse indices decreased. Significant increase was observed in four smile measurements in patients with Class II malocclusion. Comparing the smile characteristic changes among the three groups revealed that the changes induced by orthodontic treatment were significantly higher in patients with Class II malocclusion. Conclusion: The smile esthetics in all the three types of malocclusion benefited from the orthodontic treatment; however, the changes were more significant in Class II malocclusions. None of the three malocclusion types showed significant difference between the pre-and post-treatment smile characteristics.
Introduction
Smile is a facial expression that is globally known as a sign of happiness, a means of communication, and an important factor influencing the esthetic and attractiveness of the face. [1, 2] It also affects the success of social relations and the oral health-related quality of life (OHRQoL). Most OHRQoL indices or questionnaires include a part on the subjects' satisfaction with their smile. [3, 4] Several health professionals including orthodontists try their best to improve the attractiveness of the patients' smile. [5, 6] In addition to aligning the teeth, orthodontics control and modify the facial growth and improve the harmony between facial components including both the hard and soft tissues. [7, 8] Thus, it is very important for the orthodontists to fully understand the soft-tissue changes that occur following the alterations made in the hard tissues by different types of treatments. [9] Smile analysis has always been of interest to orthodontists and has recently become a key element of almost all orthodontic treatment plans.
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Even if performed for objectives other than changing the patient's soft-tissue profile, orthodontic treatments may affect the soft tissue including the position of lips. For instance, the treatment of Class II division 1 malocclusion usually includes a course of retrusion of the anterior teeth which significantly affects the lips position and consequently the smile. [10] Altering the position of lower anterior teeth has also been proven to affect the patients' smile. [11] Many studies have evaluated some smile features and their influences on attractiveness. Isiksal et al. evaluated some smile characteristics in patients with Class I malocclusion in three groups of extraction, nonextraction, and control group. They found that the smile attractiveness could benefit from the treatment in both extraction and nonextraction groups. [12] Likewise, Mackley observed that the orthodontic treatment improved the smile attractiveness in patients with all types of malocclusion. [13] Maganzini et al. evaluated nine lip-teeth characteristics in two groups of severe and mild malocclusions after the orthodontic treatment. They reported that the smile characteristics in both groups of patients equally benefited from the treatment. [14] Although smile improvement has always been among the objectives of orthodontic science, the patients' demand for changing the smile has dramatically increased in the 21 st century. The digital technology has enabled both clinicians and researchers to cope with this increasing demand. In the 20 th century, a few papers were published about the effects of orthodontic treatment on the smile of patients with different malocclusions; but in the early 21 st century, several studies of this kind were carried out. Apparently, the orthodontics must now focus on the details of soft-tissue esthetic, such as the fine characteristics of smile. [12, 15] Despite the large number of published studies, there is no agreement about the effects of orthodontic treatment on the patients' smile. The effect of treatment on a specific group of patients was found to be significant in some studies and insignificant in some others. [10, 12, 16, 17] A number of new studies even ruled out the old, long-standing concerns of specific orthodontic treatments such as extraction of premolars. [17, 18] Although plenty of studies were performed on this issue, there was no such study on seven of the most important features of smile before and after orthodontic treatment in the three malocclusion types. The previous study showed that the prevalence of Class I, Class II division 1, Class II division 2, and Class III malocclusions in urban Iranian population was 41.8, 24.1, 3.4, and 7.8%, respectively. [19] Since little information was available on the effect of orthodontic treatment on smile esthetics in Iranian population, this study was conducted to compare the changes of smile characteristics in Iranian patients with one of the three Angle's classes of malocclusion following the standard edgewise treatment.
Materials and Methods

Study samples
In this cross-sectional study, simple sampling was employed to select 90 adult patients (18-28 years old) with each of the Class I, II, or III malocclusion (n = 30 in each group) from those referring to an orthodontic clinic in Shiraz, Iran. The patients were all treated by the same orthodontist based on the standard edgewise (0.018 inch). The inclusion criteria were having 18-28 years of age, demanding nonextraction orthodontic treatment, no need for surgical correction, recently finished course of treatment, available pre-and post-treatment one-view frontal facial photographs, and the patient's agreement to participate in the study. The exclusion criteria were a history of trauma to the face or jaws, previous course of orthodontic treatment, orthognathic or facial esthetic surgery, visible asymmetry in the frontal view, missing or peg-shaped lateral incisors, severe skeletal malocclusion, and no tooth display while smiling.
Only patients with typical angle classification were included in the study. Each patient's Angle class was confirmed through clinical and cephalometric assessments. Those with an ANB angle of 1-3°, an overjet of 1-3 mm, and a canine or molar Class I relationship were confirmed as Class I malocclusion; having 3-5° ANB, 3-5 mm overjet, and a convex profile were considered as Class II; and 1 to −1° ANB, an overjet of 0 to −1 mm, and a straight profile were classified as Class III patients.
Variables measured
A professional photographer used a digital SLR camera to photograph all the patients at a standardized position. The patient sat on a chair with headrest. One-view frontal photographs were taken with the patients' Frankfort plane horizontal and the head midsagittal plane at the center of the camera lens.
All the pre-and post-treatment smiling photos were cropped to create a rectangular grid (smile mesh). The subnasale was the upper margin of the rectangular grid. The lower margin was 10 mm below the inferior border of lower lip, and the lateral margins were 10 mm outside the right and left lip commissures.
The patients were clinically assessed to calibrate their photographs magnification ratio. The width of the upper right incisor was measured by a digital caliper, so as to set all the photographs to a magnification of 1:1. This process ensured that all the smile characteristics would be comparable. The height of the upper right central incisor was measured to evaluate the amount of maxillary gingival display when smiling.
The vertical and horizontal lines were marked on each calibrated smile photograph to form the smile mesh grid. The horizontal reference lines were placed at the inferior margin of the upper lip, the central incisor gingival margin, the incisal edge of the upper incisors, and the superior margin of the lower lip. The vertical reference lines were placed at the outer left and right lip commissures, the inner left and right commissures, and the left and right uppermost posterior visible tooth.
The interlabial gap, upper incisor exposure, smile width, smile index, buccal corridor right, buccal corridor left, and gingival display were assessed. Table 1 represents a brief definition of each parameter. The ruler tool in Photoshop 7 was used to measure all the smile characteristics.
Statistical analysis
The output data were transferred to SPSS software version 20 (Chicago, Illinois, USA) for statistical analysis. Paired t-test was employed to evaluate the differences between the values of smile characteristics of each group after the orthodontic treatment. One-way analysis of variance (ANOVA) was performed to compare the three malocclusion types before the treatment; Kruskal-Wallis test was used for the posttreatment comparison. Tukey's post hoc test was used whenever the ANOVA result showed significant difference among the three groups before the treatment. Mann-Whitney test was used when Kruskal-Wallis test showed the three groups to be significantly different.
Results
The three groups were not statistically different in terms of age and sex. There were 30 participants in each study group: 14 men and 16 women with the mean ± standard deviation (SD) age of 25.54 ± 1.6 in the Class I group, 17 men and 13 women with the mean ± SD age of 24.68 ± 2.1 in the Class II group, and 16 men and 14 women with the mean ± SD age of 25.098 ± 1.5 in the Class III group.
Having compared the study groups regarding the pretreatment smile characteristics, significant difference was only noted between Class II and III groups in the pretreatment mean value of upper incisor exposure (P = 0.021) Table 2 demonstrates the pre-and post-treatment mean value of smile characteristics and also the results of paired t-test in the study groups. Considering the pre-to post-treatment changes among the three groups, the following results were found: 1. Interlabial gap: No significant difference existed between the patients with Class I and II malocclusion; whereas, Class III was significantly different from Class I and II in this regard (P < 0.05) 2. Upper incisor exposure: Class II was significantly different from Class I and III (P < 0.05) 3. Smile width: The differences among the three groups were statistically significant (P < 0.05) 4. Smile index: No significant difference was observed 5. Right and left buccal corridors: Class II was significantly different from Class I and III.
6. Gingival display: Class II was significantly different from Class I and III groups.
Discussion
This retrospective study was designed to evaluate and compare the orthodontically induced changes in seven smile characteristics in the three Angle's classification malocclusion. Pre-and post-treatment changes of seven smile characteristics were compared within each group, and then, the three study groups were compared to find out any different between the pre-and post-treatment changes. The main question was whether any correlation exists between the initial type of malocclusion and the final smile esthetics. To the best of our knowledge, no study had compared the three malocclusion classes in terms of the effects of orthodontic therapy on smile features as carried out in the present study. Thus, there are few previous reports for comparison.
Our results showed that the mean pretreatment value of the upper incisor exposure was significantly higher in patients with Class II malocclusions than in those with Class III type. This was not surprising since the maxillary dentoalveolar protrusion is a common feature in Class II malocclusion.
Although the smile characteristics improved after the treatment in the study groups, the three groups were not significantly different in most of the pre-and post-treatment smile characteristics. One explanation is that most of the included patients in this study had dental and/or mild skeletal malocclusions and those with severe skeletal malocclusions were excluded from the study.
The three groups were compared regarding the pre-and post-treatment changes in all smile characteristics except the smile index and interlabial gap; and it was found that the changes were significantly higher in Class II patients than the other two groups. Changes of the interlabial gap in Class II and Class I patients were significantly more than that in Class III patients. It indicated that Class II patients may benefit more from the orthodontic treatment in terms of smile esthetics.
The orthodontic treatment improved all the smile measures in each group. This was in agreement with what was found by Maganzini et al., in 2014 , expressing that the treatment improved the smile characteristics in both severe and mild malocclusion groups, regardless of the initial severity of malocclusion. [14] Although increase of the upper incisor exposure and gingival display was significant only in the Class II group, the treatment also increased these measures in Class I and III malocclusions, representing an improvement in the patients' smiles. Maganzini et al. [14] reported similar findings about these two smile characteristics following the orthodontic treatment. This was in line with the studies which demonstrated that the most attractive and young smile displays 100% of the upper incisor and even 2 mm gingival exposure. [20, 21] However, in some cases, gingival margin discrepancy or increased gingival display is manageable using noninvasive gingivectomy by means of diode laser. Diode laser provide benefit of minimal to no interaction with healthy dental hard tissue, making them suitable for soft-tissue procedures. [22] Interlabial gap increased in patients with each of the three malocclusions after the treatment, although the changes were significant only in Class II patients. Maganzini et al. also reported the same results in both studied groups of malocclusion. [14] As stated by Desai et al., the more the interlabial gap, the more youthful the smile. [21] In all the three groups, the smile width increased and the buccal corridors decreased, creating broader smile with less negative space. It might be due to the nonextraction treatment performed on all cases. In all the study groups, increase in the smile width was relatively less than the interlabial gap. Accordingly, orthodontic treatment increased the smile index in all the three malocclusion groups and created a younger smile. Many previous studies reported that aging decreases the tissue elasticity and increases the dental attrition, which consequently results in vertically narrower and transversely wider smile.
The current study employed a relatively precise digital method for studying the smile. Reliable and accurate measurements were made to the three decimal places in this analysis. All patients were treated by a single orthodontist with the same method. Moreover, the sample size was relatively large compared with the previous studies. In the literature, there was no such a study comparing the smile of all malocclusion types.
A limitation of this study and all similar ones is the evaluation of a fake or posed smile, which could be different from the real-life gestures. Moreover, despite being the best view for assessment of smile, one-view frontal photograph is not sufficiently adequate to judge a smile. [13] Therefore, a three-dimensional analysis is worth working on in the future.
Conclusion
Smile esthetics improves following the orthodontic treatment, regardless of the initial malocclusion type. This study demonstrated that in equal conditions, the orthodontically induced changes are higher in patients with Class II malocclusion than in those with Class I or III malocclusions. Patients with different types of malocclusions were not significantly different in terms of the studied smile characteristics, except for the upper incisor exposure, which was higher in Class II malocclusion before the treatment and significantly higher in both Class I and II patients after the treatment. 
